ABSTRACT
INTRODUCTION
In the UK, all DNOs have obligations under their distribution licence to plan and develop the distribution system in accordance with a standard not less than that set out in Engineering Recommendation P2/6 of the Energy Networks Association. This prescribes the level of redundancy in the network needed for various magnitudes of demand and specifies the speed with which customers' supplies should be reconnected when these fail. Moreover, maintaining future P2/6 compliance influences the longerterm investment in distribution networks by indicating when reinforcement is necessary. A key factor when carrying out a reinforcement assessment is the prediction of future network demand. Knowing the existing demand on a substation, the underlying growth rate and any future demand increases due to specific known developments, allows an estimate to be made as to when a substation capacity will be insufficient to support the predicted demand. With this knowledge, strategies can be developed to achieve optimal timing of network reinforcement. Even though network reinforcement is driven mainly by demand growth, other factors such as energy efficiency, demand side management and integration of distributed generation, if in place, might defer demand related network reinforcement. It is clear that developing a robust demand forecast methodology is of paramount importance for DNOs to meet their long-term license conditions as economically and efficiently as possible.
EDF Energy Networks has developed a comprehensive long term maximum electricity demand forecast methodology. It produces highly disaggregated outputs as it attributes unique demand growth values to every single primary substation depending on their location. Moreover, a number of profiles have been defined and these are used by the model to generate annualised data and annualised outputs. These profiles include demand growth, distributed generation penetration, demand side management impact and energy efficiency.
MODEL DESCRIPTION
The main objectives of the model presented in this paper are to quantify long term demand growth in terms of publicly available information and to be flexible so that it can easily cope with economic, regulatory, and technological uncertainties. Figure 1 gives an overview of the demand growth model. 
Domestic Demand
In general terms domestic electricity demand growth is driven by the net increase in new dwellings. In the UK, long term housing provision targets are set by the Government and this information is available to the general public at a Local Authority District level (Boroughs in London) [1] . In order to convert housing targets into demand growth it is necessary to calculate an equivalent diversified demand per dwelling (kW/dwelling). The latter can be achieved by Prague, From the above figure it can be seen that regional electricity consumption varies significantly across different districts. This is due to the availability of gas networks and average size of households. It can also be seen that considering an average annual electricity consumption of 3,300 kWh, as generally assumed by the UK electricity industry, is not appropriate. Therefore, within the demand forecast model here described, yearly demand growth at a Local Authority District level is forecasted by converting regional electricity consumption into regional equivalent demand per dwelling and multiplying the latter by the regional housing targets.
Non-domestic demand
Employment growth has been assumed to be a proxy to industrial and commercial (non-domestic) demand. Regional annual employment targets are currently published by the UK Government for all Local Authority Districts within EDF Energy's licensed area [1] . Moreover, DEEC publishes electricity consumption statistics in the form of kWh/employee for all Local Authority Districts in the UK [2] as shown in figure 3 . An assumed load factor has then been applied to calculate an equivalent employee demand (kW/employee) for all districts. This in turn has been multiplied by the regional employment targets to produce regional (Local Authority District level) non-domestic demand growth. 
Distributed Generation
Generating electricity from renewable and energy-efficient generation is a key part of the UK Government's strategy to tackle climate change. Distributed generation, sometimes called embedded generation, is electricity generation, which is connected to the distribution network rather than the high voltage transmission network. Within the developed model, distributed generation connected to the distribution network is categorised either as discrete, which includes most commercial installations, or background, which includes micro installations and community CHP schemes. This background generation could present in significant numbers and this model treats it as a negative load that will be dispersed across the network. A default capacity for this type of generation has been set for different socio-economic scenarios.
Larger generation could have a significant impact on demand and this model includes the option to net off the generation contribution from demand growth. An analysis has been carried out to determine the likely penetration, in Prague, 
Demand Side Management
Energy demand management, also known as demand side management (DSM), entails actions that influence the quantity or patterns of use of energy consumed by customers. The final report from the UK Energy Networks Association (ENA) on 'Long Term Capital Expenditure Forecasts for the Electricity Networks in Great Britain' describes a maximum 10% impact from DSM by 2011. This level is not considered to be achievable in such a short timeframe, and it is furthermore considered unlikely that significant DSM will be realised without the roll-out of smart metering. According to recent reports, this will be part of a ten-year programme to be completed by 2020. Within this model the maximum contribution of DSM at 2020 has been defined. Depending on the socio-economic scenario under consideration this varies from 1.5% to 5%. DSM has only been applied to domestic demand.
Socio-economic and technical scenarios
Any long-term forecast must consider a range around its baseline projections to account for the many variables that could affect the eventual outcome. The model includes the option to select different scenarios based on those proposed by the Supergen Future Networks Technologies Consortium. Three scenarios are modelled, these being Continuing Prosperity, Environmental Awakening and Economic Concern [5] . The choice of Supergen scenario determines preset factors and annualised profiles in respect of DG, DSM and energy efficiency coefficients. Housing and employment provision targets have been linked to UK gross domestic product (GDP) forecast profile [7] . Therefore, it is possible to assess the impact of different economic scenarios, such as downturn and recession, on electricity demand growth.
REGIONAL DEMAND GROWTH
The model here described allows the annualised regional domestic and non-domestic demand growth to be forecasted, taking into account potential demand reductions due to energy efficient measures, DSM and DG. Moreover, different socio-economic scenarios can be investigated.
Figures 4-6 depict the growth in maximum demand (MW) for all Local Authority Districts within EDF Energy EPN distribution network, up to 2020. Darker red reflects higher demand growth. The above figures show the demand growth forecast under a possible economic downturn scenario and considering Supergen Economic concern scenario for DG, DSM and energy usage. It highlights the Local Authority Districts where demand growth will be more significant. This gives a high level view of where demand related network investment might be required.
DISAGGREGATED DEMAND GROWTH
Regional demand growth forecasts are important as they provide a high level indication of the main demand growth areas. However, as part of any network reinforcement assessment, knowing the existing demand on a substation and consequently being able to estimate when its capacity will be insufficient to support predicted demand, is of paramount importance. This model is able to calculate demand growth at a primary substation (typically 33/11kV) level directly from the Local Authority District (regional) demand growth described above. This is done using the transformer rating and Prague, 8-11 June 2009 Paper 0953
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Paper No 0953 geographical location of the secondary substations (typically 11/0.4kV) fed from each primary substation. Initially, the regional demand growth is spread across all secondary substations in a pro rata fashion. For example, this means that a 100kVA secondary substation will be allocated twice as much load as a 50 KVA. This demand is then aggregated back to a primary substation level, producing highly-disaggregated demand growth. This has been possible through the use of GIS tools. Once demand growth forecast at a primary substation level is obtained, it is possible to identify those substations whose capacity would be insufficient to support predicted demand. Figures  7-9 depict the level of risk that each primary substation within EDF Energy EPN distribution network would be subject to due to the demand growth portrayed in figures 4-6. Each primary substation is shown as an irregular shape cluster which represents the area it supplies. Here risk is defined as demand as a percentage of the primary substation capacity under N-1 conditions (firm capacity). Because of confidentially reasons the firm capacity of the primary substations shown in figures 4-6 have been randomly generated and do not therefore represent their real firm capacity. Risk higher than 100% is shown in red, greater than 85 % in yellow and risk levels lower than 85% are shown in green. The above figures produce a clear picture of the primary substations that might need reinforcement, due to demand growth, in order maintain an acceptable risk level. This risk is set by the Engineering Recommendation P2/6. Moreover, the above figures provide planning engineers a visual aid to identify low risk primary substations adjacent to high risk ones. With this information, the possibility to transfer load from high risk primary substations to neighbouring low risk ones, could be assessed. This could be a cost-efficient way to support demand growth, defer reinforcement and reduce the level of risk of high risk substations.
CONCLUSIONS
This paper describes an electricity demand growth model based primarily on publicly available information. This highly disaggregated model allows network planners to concentrate on areas where high demand growth is predicted. The model has been developed in such a way that outputs for different socio-economic and technical scenarios can be obtained in real time. This enhances the confidence behind long term demand forecasts, especially under uncertain economic conditions, such as the current downturn in the world economy.
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It should be noted that this model is intended primarily as a 'first pass' method of identifying candidate primary substations for future demand-driven expenditure. A primary substation flagged as at or close to high risk levels will normally be subject to more detailed study. 
